Advances in optical and electronic technology can immensely reduce noise in images and greatly enhance human visual recognition. However, it is still difficult for human eyes to identify low resolution thermal images due to the limits imposed by psychological and physiological factors. In addition, changes in monitor brightness and lens resolution may also interfere with visual recognition abilities. To overcome the aforementioned limitations, we devised a suitable and effective recognition method which may help the military in revising the shape parameters of long-range targets. Modulation transfer function (MTF) was used as a basis to extend the visual characteristics of the human visual model and a new model was produced through incorporation with new shape parameters. The new model was then tested in experiments and the results showed that the accuracy is closer to the human eye.
Human vision model
In an earlier model, it was assumed that an entering brightness signal is first filtered by the optical matrix of the eye and then by the MTF of a lateral inhibition process. It is further assumed that the optical MTF is mainly determined by the eye lens and the discrete structure of the retina and that the MTF of the lateral inhibition is determined by neural processing. Figure 1 shows a block diagram of this model. For the sake of completeness, the external noise is also shown in this figure. External noises may, for instance, be from display noise present in a television image, or grain noise present in a photographic image [11] [12] . Figure 1 Block diagram of the processing of information and noise according to the human After inserting binocular viewing factor (√2) , internal noise and integration characteristics, the MTFeye for the human vision model are obtained [11] , as in equation (1).
The parameters in the model have the following typical values:
Experiment design of shaping parameters related to human visual perception
The current methods for predicting the ability of human observers to correctly interpret images of objects using a particular thermal imager depend on the thermal properties of the object and its background and rely, either directly or indirectly, on the measured minimum resolvable temperature difference (MRTD) [13] . Thus, Equation (1) does not take into account the shape parameter of the image when determining human visual perception. Because the human eye has poor sensitivity to high frequencies, thermal images in lack of high frequency are employed in the experiments to estimate the values needed for shape parameter correction.
Six simple shapes [13] (shapes which were found to be most frequently indistinguishable) of uniform intensity and equal area were shown to 100 observers. Each shape comprised 10000 pixels in an array of 200 ×200 pixels. The observers were seated approximately 25 cm from the monitor screen (Asus 20 inch. monitor) and instructed to identify the shapes. No fixed time was allotted for identification. The observers had to respond to all images and were allowed to make a guess when they could not identify the shape. All the images were viewed three times, and a record was made of each presentation, the observer's response, and the time taken for identification.
The monitor screen had a mean brightness of 34 cd/m 2 . The observers consisted of graduate school students, aged between 18 and 22. Thermal images of the various shapes (hexagon, square, triangle, rectangle (2×3), rectangle (1×2), rectangle (1×3)) have been degraded by decreasing temperature (ΔT=0.8~0.4 o C). A diagrammatical representation of the experiment is shown in figure 2 . Some of the data are presented in Table 1 . Figure 2 Diagrammatical representation of the shape parameter experiment
The true probability of shape recognition (observer performance) for each image was plotted against the temperature difference (ΔT) (Figure 3) . A unique curve was observed for each shape. The following formula for the shape parameter correction of human vision model by binocular vision was obtained.
